Abstract: Six membranes of polyvinyl alcohol (PVA) with various weight percent -0 %, 10 %, 20 %, 30 %, 40 % and 50 % of hydroxyapatite (HA) were prepared. Fourier Transform Infrared (FTIR) spectroscopy was used to identify the different functional groups in membrane composites. The surface morphology was examined through scanning electron microscope. The in vitro bioactivity tests in Simulated Blood Fluid (SBF) have been performed up to 28 days, especially for membrane containing 50 wt. % HA. SEM was used to characterize surface microstructure of biocomposite membranes before and after immersion in SBF. It was observed the formation of clusters within membranes with increasing amount of HA particles due to hydrogen bond and also the agglomeration and crystal growth of HA particles during drying of membranes. The bioactivity was found increasing with time immersion of biocomposite materials in SBF solution.
Introduction
The development of composite biomaterials for an appropriate hard and soft tissue replacement implants is one of the most important topics in tissue engineering. Vallet-Regí (2009) has defi ned biomaterials as implantable materials that perform their function in contact with living tissues. Depending on the function to perform, they can be manufactured from very different metal, polymer, ceramic materials or their composites (Vallet-Regí, 2009 ). Biocomposite materials based on polyvinylalcohol matrix reinforced with nanohydroxyapatite gel have been developed by Pan (2007) as an alternative biomaterial to titanium alloy in the replacement of diseased or damaged cartilage. The applications of PVA as biomaterials to replace or to repair some hard and soft tissue like articular cartilage have increased in the last years. The main reason for the application of PVA, namely as injectable gel, is its excellent biocompatibility and bio tribological properties. (Kobayashi et al., 2005; Noguchi et al., 1991; Covert et al., 2003; Pan et al., 2007 , Zheng et al., 1998 . However, the drawback of biomaterials based on PVA is their adhesion to the biological tissue. Indeed, PVA itself does not adhere biologically or chemically to tissue due to its bioinertness. Longterm fi xation of PVA implant on the surface of living tissue by suture or any way is also diffi cult to guarantee. Other shortages of PVA implants are their low mechanical properties incomparable with natural hard tissues. Application of implants based on sintered calcium phosphate ceramics like hydroxyapatite (Ca 10 (PO 4 ) 6 (OH) 2 ) for bone and dental reconstruction is worldwide known because of their excellent biocompatibility (Wozney et al. 1998 , Suchanek et al., 1998 , Vitkovič et al., 2009 , high osteoconductivity (Ducheyne et al. , 1999) and relative good mechanical properties. It can be used as solid or as injectable gel (Hua et al., 2010 That is why the Ca/P molar ratio in bone is lower than 1.67, compared to a molar ratio of Ca/P in synthetic HA (Lutišanová et al., 2012) . It was reported (Evis et al., 2006 ) that this ratio can be an important factor in cell adhesion, proliferation and in bone remodeling and formation. To overcome the shortages of PVA and HA alone as implants, composite polymer bioceramics were intensively developed in the last decade (Pramanik et al, 2008 , Ragel et al. 2002 , Williams, 2009 ). The synthesized biocomposite materials must be suitably tailored in order to perform some specifi c functions, for example to improve the mechanical properties of polymer or the toughness of HA. The tremendous amount of researches on biocomposite polymers-ceramics is justifi ed by the fact that bone is an anisotropic composite consisting mainly of organic polymers (collagen and fi brin protein) and inorganic ceramic minerals (poorly crystalline, nonstoichiometric, carbonated or substituted HA). Among a variety of biocomposite materials, hydroxyapatite-polyamide (Wang et al., 2007) , hydroxyapatite-polyethylene (Wang et al., 2001) , hydroxyapatite-collagen-hyaluronic acid (Bakoš et al., 1999) scaffolds for tissue engineering were prepared. In reinforced polymer matrix, the principal role is played by the interfacial bond between polymer molecules and fi llers. Wang et al. (2001) has reported that this bond depends on the hydrophobicity or polarity of both fi llers and polymers. The mineral of hydroxyapatite present in polymer matrixes provide active sites for biomineralization and also for cellular attachment. It is well established that bioactivity of materials is considered as its ability to form a strong biointegration with host tissue through interface bone-biomaterials due to the formation of bone like hydroxyapatite in vitro or in vivo. The development of biocomposite materials was motivated by the fact that pure material cannot alone meet all requirements for biomedical implants. Generally, composite material consists at least of two chemically distinct phases which coexist as matrix-fi ller entity. Many factors such as type and content of fi ller in polymer matrix and matrix properties (e.g. molecular weight) have a signifi cant infl uence upon the properties of composite materials (Wang et al., 2003) . In the case of biocomposites, other factors such as biocompatibility of the fi ller or matrix, the degradation rate of matrix and non-toxicity must be considered. 
Experimental

Preparation of membranes
Clariant polyvinylalcohol was dissolved in distilled water under constant stirring at the temperature 85 °C for 4 hours until all solid polymer was dissolved. The amount of polymer used was 21 g dissolved in 400 ml of distilled water. Homogenized solutions with various PVA: HA ratios were poured into a mold. They were dried during 7 days at temperature 30 °C in laboratory own to obtain 1mm thin membranes
Bioactivity testing
The assessment of in vitro bioactivity of samples was carried out by soaking the membranes in 40 ml SBF, as proposed by Kokubo et al. (1991) . Value of pH was 7.32 and temperature 37.50 ± 1 °C. The ion composition of simulated body fl uid (Table 1. ) is nearly equal to inorganic ion concentrations of human blood plasma and it was prepared according to the literature (Kokubo, 2006) . Cleaned samples of size 1 × 1 cm were immersed and stored in the incubation apparatus (Binder BD 115) for 2 hours, 7 and 28 days at the temperature of 37.0 °C. The microstructure of membranes Tab. 1. The ion concentrations (mol/l) of SBF in comparison with ions in human blood. surface was tested before and after soaking in SBF by SEM.
SEM
The surface morphology was examined using scanning electron microscope JEOL JSM-7600F. The surface of biocomposite membranes after soaking in SBF was analyzed by SEM (TESLA BS 300) to detect the structure and homogeneity of the composites.
Infrared spectroscopy
Infrared spectra of composite materials were recorded by Spectrometer Thermo Nicolet iS10 (Thermo Scientifi c) using KBr pellets technique. Pellets were prepared by pressing the mixture of precursor and dry KBr with the mass ratio 1:100. All spectra were recorded in the wavenumber range from 4000 to 500 cm -1
.
Results and discussion
SEM
The SEM images of PVA-HA composites at 500 magnifi cation are displayed in Fig. 1 matrix is saturated with the HA fi ller. The HA is dispersed all over the testing area and obviously the HA grows into the surface of the membrane and causes its roughness. The 50 % HA shows huge agglomerates, which grow through the surface and made the specimen very rough. Hydroxyapatite particles were of nanometer size, which is shown in Fig. 6 . The change in morphology and size of HA particle due the crystal growth of nanoparticles is related not only to the concentration, but to the action of temperature (37 °C) and time of preparation (7 days). . The band at 1400 cm -1 can be attributed to O-H and C-H bending. The absorption peaks at 1110 cm -1 are related to C-O stretching. The band at 900 cm -1 results from an angular deformation outside the plan of O-H bond. The absorption bands at 1625 cm -1 is due to symmetric stretching of carboxylate anion (-COO-) (Wang et al., 2004) . The intensity of spectrum at around 1330 cm -1 increases with increasing content of HA in samples and is assigned to the phosphate group PO 4 3-. It seems that the intensity of the main peaks decreases while that of appearing one increases due to the decreasing amount of PVA in composite materials. These bands have been attributed to the stretching mode of C-O and C-C groups. groups in the n-HAp crystals. Bands located at about 1000-1100 and 560-570 cm -1 are attributed respectively to the ν3 and ν4 P-O vibration modes of regular tetrahedral PO 4 3-groups. The observed bands at 604 cm -1 corresponds to O-P-O bending and ν1 symmetric P stretching modes. The ν1 symmetric stretching mode of phosphate group is observed at 957 cm -1 . The observed bands at 1391 cm -1 is due to the stretching mode of carbonate, which may be to the acquisition of air during mineral precipitation (Rajkumar et al. 2010) . Band at 1641 cm -1 indicates the presence of H 2 O in HAp crystals (Pramanik et al. 2008) 
Bioactivity Testing
The pictures display formation of HA on the surface of 50 % HA composite during testing periods. The in vitro testing proved the bioactive properties of the PVA-HA composite. A very small amount of HA crystals were found on pure PVA membrane after soaking in SBF for 28 days. However, the crystals were observed on all composite membranes just after 2 hours of soaking in SBF. Most of the membranes surface was entirely covered with crystals after 7 days of soaking in SBF. The formation of the mineral layer was similar in the case of other composite materials.
Conclusion
Polyvinyl alcohol-hydroxyapatite membranes were prepared with various amounts of hydroxyapatite. These composites were examined by SEM, FTIR. Bioactivity was tested by soaking in SBF. With increasing content of HA in samples, membranes become more inhomogeneous and larger crystal of HA were observed due to the crystallization process during drying. The bioactivity of membrane containing 50 % of HA increased with increasing soaking time.
Coarser particles of new apatite are observed on the surface of composite materials. The formation of apatite layer on the surface of the composites after soaking in SBF demonstrates high in vitro bioactivity of tested samples, what makes the composite suitable candidate for applications as artifi cial cartilage.
